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Aims
To evaluate whether work-related psychosocial stress (defined by a work-related stress model or by long work hours) is associated with the risk of Type 2 diabetes.
Methods
A systematic review of the literature was conducted until March 2010. Studies eligible for inclusion were published observational epidemiological studies of adult participants in community or occupational settings if they had a measure of work-related stress on a validated scale or a measure of work hours or overtime assessed prior to, or at the same time as, assessment of Type 2 diabetes status.
Where possible, meta-analysis was conducted to obtain summary odds ratios of the association.
Introduction
The global prevalence of Type 2 diabetes is rapidly increasing [1] . In the USA, crude prevalence of diagnosed Type 2 diabetes in adults older than 20 years rose from 5.1% (1988) (1989) (1990) (1991) (1992) (1993) (1994) ) to 7.7% (2005) (2006) [2] and similar figures pertain to England [3] . While the pathogenesis of Type 2 diabetes is complex, a number of factors have been identified that increase the individual risk of the disease. These include increased body mass index [4] , physical inactivity [5, 6] , smoking [7] and heavy alcohol use [8] .
Psychosocial stress, for instance work-related stress, has been hypothesized to increase the individual risk of Type 2 diabetes by activating the hypothalamo-pituitaryadrenal axis [9] . The theoretical model most often used in epidemiological studies of psychosocial stress at work is the demand-control model proposed by Karasek and Theorell [10] . The demand-control model is based on the worker's assessment of their perceived level of stress and includes work demands, the ability to change the way and rate at which work is undertaken (decision latitude) and the level of social support from colleagues and superiors. Workers with high levels of demand and low levels of decision latitude are placed in a category of high 'job strain'. The Karasek model hypothesizes that a worker's health may be negatively associated with job demands and positively associated with control and social support at work [10] . It does not include individuallevel psychological attributes such as resilience, life events, personality or depression.
Observational epidemiological studies investigating the association between work-related psychosocial stress and Type 2 diabetes have provided an inconsistent picture. We therefore undertook a systematic review and meta-analysis of the evidence to evaluate whether workrelated psychosocial stress (defined by a work-related stress model or by long work hours) is associated with the risk of Type 2 diabetes.
Methods
We followed the Meta-analysis of Observational Studies in Epidemiology guidelines [11] . The study investigator (M.P.C.) and the Cambridge University Medical Library staff retrieved potential studies based on a literature search of English and non-English language articles using the following databases searched up to Published observational epidemiological studies of adult participants in community or occupational settings were included if they had a measure of work-related stress on a validated scale or a measure of work hours or overtime assessed prior to, or at the same time as, assessment of Type 2 diabetes status. Studies were excluded if job role was assessed rather than a measure of work-related psychosocial stress, focussed on burnout or shift work or the outcome measure was metabolic syndrome or HbA1c rather than Type 2 diabetes status.
Three investigators (M.P.C., L.A.S. and R.C.) independently applied inclusion and exclusion criteria to potentially eligible papers and also extracted data onto standardized forms from the selected papers. Any disagreements were independently checked by the fourth investigator (S.J.G.) and consensus reached.
Data were extracted for the following study characteristics: setting, design and size of the study, age range of participants, adequacy of the description of the source populations, selection of participants and controls and the description of withdrawals, adequacy of exclusion of individuals with Type 2 diabetes at enrolment in prospective studies, assessment of both work-related psychosocial stress and Type 2 diabetes status, measurement and adjustment for important covariates, the groups being compared in each study (for example highest versus lowest quintile) and the size of the reported associations between work stress and diabetes. The quality of the papers was assessed for potential selection, attrition and measurement bias. Ethical approval was not sought, as this was a secondary data analysis.
Studies were stratified according to the reported measures of work-related psychosocial stress: job demands, decision latitude/control, job strain, social support, long-term work problems, forced job change and long work hours. Within these strata, data were extracted for the least conservative comparison reported, for example, highest versus lowest category of the measure of job stress. Data that were reported separately by gender were treated as independent studies in the meta-analyses.
The association of work-related psychosocial stress with Type 2 diabetes was examined using relative risks (RRs). To do this, we considered odds ratios (ORs) as surrogates for hazard ratios (HRs) and RRs because when outcomes undergoing study are relatively uncommon, the relative odds approximate HRs and RRs [12] . An unadjusted or least adjusted estimate of the RR was pooled within strata of the measure of work-related psychosocial stress for each study. The most adjusted estimates of the effect estimate reported by the studies were similarly pooled. Both fixed and random effects models were used when pooling the risk estimates.
Statistical heterogeneity among studies was assessed using Cochran's Q-test [13] . This test examines the null hypothesis that difference between the study estimates of RRs is due to chance by using a x 2 with degrees of freedom equal to the number of studies minus one. For the Q statistic, we considered a P , 0.10 to indicate statistically significant heterogeneity. The I 2 statistic was used to examine the impact of heterogeneity in the meta-analysis. The I 2 values of 25% or less indicate low heterogeneity, values near 50% indicate moderate heterogeneity and values near 75% or greater indicate high heterogeneity [13] .
Meta-analyses were stratified by gender of study participants and study design (cross sectional versus prospective cohort). We planned to evaluate 'small-study effects' [14] that may have been due to publication bias effects by visually examining a funnel plot of precision against RRs, with funnel plot asymmetry being formally assessed with Egger regression asymmetry test [15] . All statistical analyses were performed using STATA, version 10 (Stata, College Station, TX, USA).
Results
Of the 2048 papers identified, 26 were potentially relevant and retrieved. Of these, 17 were excluded (16 studies met at least 1 of the exclusion criteria). One study with an overlapping study population was excluded and substituted by a more a recent study providing more accurate data on Type 2 diabetes diagnosis, leaving a total of 9 articles included in the meta-analysis. The characteristics and findings of the studies included in the metaanalyses are presented in Tables 1-4 .
The summary estimates of ORs or HRs or RRs from each study were pooled to give an estimate of risk of Type 2 diabetes ( Figure 1 shows the results for the most adjusted data). It was not possible to include one of the studies in the meta-analysis due to lack of suitable data. The meta-analyses did not show any statistically significant associations between any individual aspect of work-related psychosocial stress or job strain and risk of Type 2 diabetes. In one study [24] , there was an association between low social support combined with job strain and Type 2 diabetes in women but not in men.
No or low heterogeneity was present among the studies on job demands, decision latitude, job strain and low social support. In the meta-analysis of studies of long working hours, there was evidence for moderate statistical heterogeneity (Q 5 6.06, degrees of freedom [df] Q 5 2, P 5 ,0.05, I
2 5 67%) which may be explained by the considerable clinical heterogeneity in the study populations (Japanese manual workers, Japanese male office workers, US female nurses) in the Type 2 diabetes diagnosis criteria (World Health Organization criteria, American Diabetes Association criteria, National Diabetes Data Group criteria) and in the cohort year (1984, 1994, 1993 ).
There were not enough studies to undertake a funnel plot to assess publication bias.
The only study that undertook a prospective approach and undertook a formal assessment of diabetes status using a fasting blood glucose or glucose tolerance test at the beginning and end was the Whitehall II study by Heraclides et al. [24] . All other studies were either cross-sectional or failed to undertake a formal assessment of diabetes status either at the beginning and or at the end.
Discussion
The results of this systematic review and meta-analysis do not provide evidence that work-related psychosocial stress in the form of high demands, poor decision latitude, poor social support, job strain, or long working hours is directly associated with an increased risk of Type 2 diabetes. However, in the Whitehall II study [24] , there appeared to be a difference in the risk of Type 2 diabetes in women exposed to a combination of job strain and low social support. Further research is required to confirm the finding.
The strengths of this meta-analysis are that we used a wide electronic and manual search strategy, using all languages and a hand search of references in original articles.
The limitations of this study are related to several factors. Firstly, there was significant heterogeneity in the design of the original studies. Therefore, some aspects of the statistical methods of the original studies have the potential to introduce bias into a meta-analysis, an example being the combination of the highly adjusted risk estimates with those that remain relatively unadjusted for [20] Upper versus lower quartile Women 1.0 (0.5-2.0) Norberg et al. [23] Above and below median Men 0.9 (0.6-1. [20] Upper versus lower quartile Women 2.1 (1.0-4.7) Norberg et al. [23] Above and below median Men 1.0 (0.6-1.6) BEM 0.9 (0.5-1.7) Women 1.9 (1.0-3.4) BEM 2.1 (0.9-4.9) Heraclides et al. [24] Above and below median Men Y 0.86 (0.66-1.13) Women 1.09 (0.70-1.69)
Key to adjustments in models: A, alcohol; B, body mass index; D, depression; E, education; K, chronic medical conditions (including hypertension); M, marital status; P, physical activity; Y, age; Z, waist hip ratio. can influence the precision and magnitude of measure of association between work-related psychosocial stress and Type 2 diabetes. Confounding factors may change significantly over time, for example, the follow-up period of the cohort studies varied and did not take into account the natural rise of the risk of Type 2 diabetes with age. Cohort analyses could for instance have treated age as a time-varying covariate. Secondly, with regards to the assessment of workrelated psychosocial stress, in all papers, this was selfassessed by questionnaire and work-related psychosocial stress was only assessed once at baseline in all studies and many used a modified questionnaire. We suggest that the level of work-related stress in most modern workplaces and the perception of the employee about that stress is probably dynamic throughout the career of the employee and unlikely to remain the same for substantial periods of time.
Finally, with regards to publication bias, using the funnel plot to detect publication bias was limited due to the small number of studies included [25] . Statistical methods to evaluate the asymmetry of funnel plots were also limited given that the power of these tests are low if there are 10 or fewer studies [25] . Therefore, we cannot rule out publication bias but every effort was made to perform an exhaustive search of the literature.
Future epidemiological research in this area should aim to have a more rigorous assessment of work-related psychosocial stress to advance our understanding of the potential contribution of work-related structural conditions to Type 2 diabetes risk. Also warranted are repeated measures of work-related psychosocial stress and Key to adjustments in models: A, alcohol; B, body mass index; C diet/dietary habits; D, depression; E, education; F, family history; G, number of children; H, blood pressure; I, ECG abnormalities; J, aspects of stress at work; K, chronic medical conditions (including hypertension); L, life events; M, marital status; N, overtime/work hours; O, occupation/employment grade; P, physical activity; Q, length of follow-up; R, race; S, shift work; T, smoking; U, height; V, vitamin supplementation; W, plasma lipids; X, menopausal status; Y, age; Z, waist hip ratio; a, aspirin use; b, hours at home; g, hours sitting at work; d, use of technology; , Cox's proportional hazards model.
inclusion of measures of resilience, mental health (in particular depression) and life events. Given the range of psychosocial exposures to which workers may be exposed, any future studies that focus on work-related psychosocial stress and Type 2 diabetes should also obtain data on relevant non-work social and relationship factors, in order to yield the most unbiased estimates of work-related psychosocial stress [26] .
In conclusion, the specific hypothesis that a working environment characterized by high psychosocial stress is directly associated with increased risk of Type 2 diabetes could not be supported from the meta-analysis. 
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Key points
• The hypothesis that a working environment characterized by high psychosocial stress is directly associated with increased risk of Type 2 diabetes is not supported from the meta-analysis.
• Methods including statistical analyses in epidemiological studies examining work-related psychosocial stress and Type 2 diabetes are highly variable.
• Further research on work-related psychosocial stress and risk of Type 2 diabetes is needed that overcomes the significant methodological weaknesses of studies highlighted in the review.
